ABSTRACT. A serological survey was carried out in the northern prefectures of Hokkaido, Iwate and Aomori in Japan, for the presence of antibodies against Toxoplasma gondii, Chlamydia psittaci var. ovis, Mycobacterium paratuberculosis, Coxiella burnetii, Brucella spp., Leptospirosis and Orf virus (ORFV). Out of 267 samples tested, highest overall prevalence (28.78%) was found for T. gondii. The 12.59% of tested sheep were positive for C. psittaci var. ovis. A total of 8.67% were found to be seropositive for C. burnetii. Levels of these infections were found in all three prefectures. Seroconversion to ORFV was detected in Hokkaido and Iwate Prefectures (2.57%). Animals were positive only for L. ballum (1.50%), in Hokkaido and Aomori Prefectures. No animals tested positive for Brucella spp. and M. paratuberculosis.
The limited sheep population (11,000 heads, data from the Japan Livestock Industry Association, 2000) represents a niche sector in Japan. However, it is integrated into the epidemiology of zoonotic agents. Furthermore, sheep are also farmed with other domestic species, such as cattle, another susceptible species involved in diffusing pathogens with zoonotic potential. At present, in Japan, only Caprine Arthritis Encephalitis virus, Scrapie, Mycoplasma ovipneumoniae and Border disease have been examined in small ruminant populations [7] [8] [9] 14] .
In order to explore the presence of pathogens with recognized zoonotic potential and to obtain a preliminary picture of their current epidemiology, a serological survey of antibodies against Brucella spp., Toxoplasma gondii, Chlamydia psittaci var. ovis, Mycobacterium paratuberculosis, Coxiella burnetii (Q fever), orf virus (ORFV -contagious pustular dermatitis or ecthyma) and Leptospirosis was carried out. This was to determine their prevalence in the northern prefectures in Japan, Hokkaido, Aomori and Iwate, where the majority of the Japanese sheep, a total of 4,775 sheep (43%), are bred. The sampling activities were supported also by veterinarians of the Agricultural Mutual Aid Association (NOSAI). Details of the sampling methodology and descriptions of the flocks were reported previously [7, 8] .
Screening for anti-Brucella spp. antibodies was performed using a rapid serum agglutination test (Rose Bengal Plate Test, RBPT) using B. abortus biovar 1 strain 99 antigen covering B. melitensis and B. abortus, in accordance with the Manual of Diagnostic Tests and Vaccines for Terrestrial Animals of the World Organisation for Animal Health-Office International des Épizooties (OIE) [26] . Antigen and control sera were from Istituto Zooprofilattico Sperimentale Abruzzo and Molise (IZSA&M) in Teramo, Italy.
A complement fixation test (CFT) for the detection of antibodies against C. burnetii was used [2] . Q fever antigen was from Siemens (Germany), and positive and negative reference controls were from IZSA&M.
The presence of antibodies against Chlamydia psittaci var. ovis was determined by using CFT as described by Donn et al. [4] . Antigen and positive and negative reference controls were from IZSA&M.
CFT was performed as a confirmatory test for the screening for anti-Brucella spp. antibodies, using B. abortus biovar 1 strain 99 antigen covering B. melitensis and B. abortus, in accordance with the Manual of Diagnostic Tests and Vaccines for Terrestrial Animals of the OIE [26] . Antigen and control sera were from IZSA&M.
The testing for the presence of neutralizing antibodies against leptospirosis was performed using a microscopic agglutination test (MAT) as described by the Manual of Diag- To detect antibodies against ORFV, an indirect enzymelinked immunosorbent assay (ELISA) was used [3] . Antigen and control sera were from IZSA&M. The whole organism antigen and a horseradish peroxidase-labelled secondary antibody were used to perform the test. Briefly, a 96-well microtiter plates were coated at 4°C overnight with 100 μl/ well of positive and negative antigens diluted in 0.05 M carbonate buffer (pH 9.6). The plates were then washed 3 times with phosphate buffer solution containing 0.05% Tween 80 (PBST), pH 7.4. One hundred microliters of each sera diluted in PBST containing 1%, bovine serum albumin (BSA), pH 7.4, were added in duplicate to positive and negative antigen wells. The plates were then incubated for 1 hr at 37°C. After washing as described above, wells were filled with 100 µl of an appropriate dilution of horseradish peroxidase-labeled rabbit anti-sheep IgG (Sigma-Aldrich, St. Louis, MO, U.S.A.) in PBST containing 1% of BSA. Following incubation for 1 hr at 37°C and washing 3 times with PBST, wells were filled with 100 µl substrate solution containing 1 mM ABTS (2,2'-azino-bis-[3-ethylbenzothiazoline-6-sulphonic acid]) and 4 mM H 2 O 2 in 50 mM sodium citrate, pH 4.0, and the plates were shaken for 20 min at room temperature. The reaction was stopped by addition of 50 µl of sodium azide. The absorbance values of the samples were read at 405 nm. The cut-off value considered was 0.215. This was calculated by adding 3 times the standard deviation (SD) value to the mean optical density (OD) value obtained from 140 negative sera collected from genetically selected animals in an ORFfree flock [3] .
Agar gel immunodiffusion (AGID) was used for the detection of antibodies against M. paratuberculosis. Briefly, 0.75% agarose was dissolved in 0.85% NaCl solution and buffered to pH 9.0 with 0.01 M tris hydroxymethyl aminomethane. Gel was poured in plates on a 4-mm-thick layer with wells of 5 mm in diameter in a hexagonal pattern of 6 peripheral wells for serum samples and the positive control (Allied Monitor Inc., Fayette, MO, U.S.A.) and a central well for the antigen (Allied Monitor Inc.). Plates were examined after 24 and 48 hr of incubation. The appearance of precipitation lines of identity with the control serum lines before or at 48 hr was considered positive. Absence of any precipitation line was recorded as a negative test result.
An indirect immunofluorescence (IIF) antibody assay was used for the detection of antibodies against T. gondii. Glass microscope slides with circular areas covered with the RH Sabin strain of T. gondii (Biomerieux, Marcy-Étoile, France) grown in mice were used. Four different dilutions of serum ranging from 1:40 to 1:320 were made in phosphate-buffered saline (0.01 M PBS, pH 7.6). Positive and negative controls sera (Fuller Laboratories, Fullerton, CA, U.S.A.) were included in each test. Twenty microliters of the diluted serum was incubated with the antigen preparation for 30 min at 37°C in a humid chamber. After incubation, the slides were washed with PBS and dried. Then, 20 µl of the fluorescein isothiocyanate-conjugated rabbit anti-sheep IgG (Sigma-Aldrich), diluted 1:40, was added onto the slides and incubated for 30 min at 37°C in a humid atmosphere. After a second washing with PBS, the slides were prepared with buffered glycerine (pH 9.5), mounted with coverslips and examined using a fluorescence microscope using 40× objective lenses. A reaction with a serum dilution 1:40 was considered reactive, and the final titer was the last dilution that still showed fluorescence in the periphery of the parasites.
Results of serological screening for antibodies to the considered pathogens are summarized in Table 1 . The highest percentage of seropositive animals showed an immune reaction to T. gondii (28.78%) in 11 flocks from all the three considered prefectures, with prevalence at flock level being up to 72.72% and the titers ranging from 1:40 to 1:160 (Table 2) . Positive sera originated from 69 ewes and 7 rams. Fifty-five Suffolk and Suffolk crossbreeds, 6 crossbreeds Southdown x Poll Dorset, 9 Corriedale, 3 Black, 2 Cheviot and 1 Romanov were affected. Seroconversion against C. psittaci var. ovis (12.59%) was detected in 10 flocks in the 3 prefectures. Positive sera originated from 31 ewes and 2 rams: 12 Suffolk, 17 crossbreeds (mainly Suffolk x Cheviot and Suffolk x Corriedale), 1 Corriedale, 1 Cheviot and 2 Black. The average incidence of seropositive animals in individual herds ranged from 5.0% to 33.33% in the ten sampling groups from seropositive flocks. Titers ranged from 1:16 to 1:256 (Table 3) .
Using CFT, sera from 21 animals (8.67%), out of 242 sera examined, were observed to be positive for anti-C. burnetii immunoglobulins ( Table 1 ). Positive sera originated from 8 flocks from Hokkaido and 1 flock each from both Iwate and Aomori Prefectures. The average incidence of seropositive animals in individual herds ranged from 5% to 29% in the 10 sampling groups from seropositive flocks. The obtained titer with CFT was 1:8 in all tested positive sera. The seropositive animals included all ewes and 1 ram, but of different breeds, including Suffolk, Cheviot, Corriedale and crossbreed animals.
Antibodies against ORFV were reported in 3 flocks from Hokkaido and Iwate. The 6 positive animals were all Suffolk ewes of 5 to 7 years of age. Antibodies against L. ballum were reported in 4 Suffolk ewes (from 4 to 8 years of age) from 2 flocks from Hokkaido and Aomori Prefectures, re- NE: Not executed due to insufficient aliquots for testing. Hokkaido  18  2  20  7  Hokkaido  20  20  8  Hokkaido  17  2  1  20  9  Hokkaido  18  2  20  10  Hokkaido  10  1  11  11  Iwate  15  5  20  12  Iwate  12  3  2  1  2  20  13  Aomori  20  20  14  Aomori  14  1  1  16  Total  229  27  5  1  2  3  267 NE: Not executed due to insufficient aliquots for testing.
spectively. The prevalence of the different infections was found to vary between prefectures (Table 4) . Prevalence of antibodies to T. gondii, the most diffuse pathogen in this study, was relatively high in Hokkaido and Iwate Prefectures (33.16% and 25.64%, respectively) when compared with the prevalence detected in animals from Aomori Prefecture (5.71%). The highest percentage of positive sheep for C. psittaci var. ovis was reported in Iwate Prefecture (28.94%). The highest prevalence for C. burnetii was found in Aomori Prefecture (17.24%). The prevalences of ORFV and L. ballum were low (not exceeding 3.18% and 2.77%, respectively) and differently distributed, with both being absent from Aomori and Iwate Prefectures, respectively.
Comparison between different age categories and the percentage of seropositive sheep showed that age ranged from 1 to 10 years only in the case of sheep infected with C. burnetii (Table 5 ). For most of the pathogens, no seroconversions were present in animals at 1 year of age, and seroconversion was infrequent after 8 years of age. Seroprevalence usually raises with age, although this was not reported in this study. This might be related to the low number of samples from animals more than 8 years of age (three 9-year-old animals, six 10-year-old animals and one 12-year-old animal), and culling of old animals.
All the 267 collected samples were tested for Brucella spp. antibodies. Three samples (H8/17, H9/1 and H9/9) were positive in the RBPT, which was used as qualitative screening test. Sera originated from two different flocks from Hokkaido. Complement fixation was used as a confirmation test. None of the sera were confirmed to be positive for B. melitensis and B. abortus, showing titers <20 UI. Similarly, none of the tested animals were positive for antibodies against M.
paratuberculosis.
This survey demonstrated positiveness for antibodies to T. gondii, C. psittaci var. ovis, C. burnetii, L. ballum and ORFV in sheep flocks in the northern prefectures of Japan.
Concerning brucellosis, to date, Japan is officially free from the disease in domestic animals. Only rare cases of B. abortus have been reported in cattle in 1992, 2002 and 2008 [28] . B. suis has never been reported in Japan. In 2006, the first serological survey in wild animals revealed 7.8% positiveness for antibodies against Brucella spp. in the Japanese wild boar (Sus scrofa leucomystax) from Shikoku region, in southern Japan [25] . With reference to small ruminants, the last occurrence of B. melitensis in Japan was reported in 1949. B. abortus has never been reported in sheep and goats. Five zookeepers in the City of Kawasaki developed brucel- . Subsequent investigations confirmed the infection in a goat at the zoo, but no information on isolation or characterization has been provided [6] . In this study, none of the sera tested were serologically positive for Brucella spp. This confirms the absence of the disease in sheep in the studied area in 2007 and corroborates the official free status of the country for brucellosis. None of the sera tested were serologically positive to M. paratuberculosis. However, further epidemiological studies in small ruminant populations are needed, taking into consideration the presence of the pathogen in cattle in the country [17] and the importance in public health due to evidence of the potential role in the etiopathogenesis of Crohn's disease in humans, which is not strong but should not be ignored [24] .
The present study showed positiveness for antibodies in sheep to well-known zoonotic diseases, i.e., toxoplasmosis, chlamydiosis and leptospirosis. In humans, the major concern for toxoplasmosis is congenital infection, causing severe sequelae in the infant (e.g., mental retardation, blindness and epilepsy). In Japan, a recent study reported 34.9% of pregnant women, from Hokkaido and Hyogo Prefectures, tested positive for T. gondii antibodies. It was likely that ingestion of raw or undercooked meat was the main risk factor for acute T. gondii infection in Japanese pregnant women. The incidence of congenital toxoplasmosis in Japan was estimated to be at least 0.0126% (1.26 per 10,000 births) [29] . Concerning ovine chlamydiosis, the risk of infection for humans is considered low, but pregnant women in particular should prevent contact with potentially infected small ruminants. Antibodies against C. psittaci var. ovis were reported in the majority of the tested sheep flocks. The observation of high titers up to 1:256 (Table 3) indicates the specificity of the seroconversion. However, further investigations will be necessary to clarify the epidemiology of the pathogen, taking into account that positive reactions with titers between 1:10 and 1:40 may relate to an infection with C. pecorum [20] .
Concerning "akiyami" (autumn disease) (the Japanese name for leptospirosis), the disease was responsible for more than 200 reported human deaths annually in Japan until the 1960s, mostly in rice-field farmers. Since then, this number has decreased, and currently the annual incidence of leptospirosis in the country is low (<1 per 100,000) [23] . By 2003, leptospirosis had become a notifiable disease of the National Epidemiological Surveillance of Infectious Diseases (NESID), and fewer than 20 cases have been reported annually [18] . Serovars Icterohaemorrhagiae, Copenhageni, Autumnalis, Hebdomadis and Australis have been recognized as major causes of human leptospirosis [23] , out of the 13 serovars of the causative Leptospira estimated by MAT in Japan [18] . In our survey, antibodies against a different serovar of Leptospira were detected, L. Ballum, which is almost exclusively associated with exposure to infected rats and mice [16] .
Detection of antibodies against C. burnetii confirms the previous studies on the presence of Q fever in sheep in Japan, which was first reported by Htwe et al. [10] . The positive rate (8.64%) in the present study showed a low pathogenic pressure in 2007 and was lower than the previously reported level (17.6%) of infection [10] . The reported lower prevalence was probably due to the use of the CFT instead of the more sensible IIF test previously used by Htwe et al. [10] .
Other investigations on prevalence of coxiellosis in animal populations have been focused on cattle, particularly in dairy cattle with reproductive disorders [21] , and have shown relatively high prevalences (58.9% and 60.4%). Reports indicated also serological evidence in wild animals [5] . Furthermore, cats are considered a significant source of C. burnetii responsible for human outbreaks [19] .
In Japan, Q fever has been reportable since 1999. Every year, 7 to 46 clinical cases are reported in humans [19] . Atypical pneumonia due to C. burnetii among children has been reported, and the positive rate was 39.7% of positiveness among patients suffering from respiratory diseases [22] . The prevalence of C. burnetii antibodies in samples from adult humans showed overall seroconversion rates ranging from 8.6% to 16.5%, suggesting an occupational risk to humans living in close contact with animals [11] .
Contagious pustular dermatitis infection in sheep in Japan was first reported in the 1940s [1] . Serological surveys demonstrated that 88.5% of sheep in Hokkaido were seropositive (AGID test) based on 52 tested samples [15] . An extensive outbreak of disease occurred in sheep in Hokkaido [13] , and ORFV was isolated also in Iwate Prefecture [12] . Our study revealed a sensibly lower prevalence (2.57%) when compared with that reported by Kuroda et al. [15] . No human case has been reported in Japan so far.
The demonstration of circulation of some bacterial and viral zoonotic agents in sheep flocks in the northern prefectures of Japan, based on serological analysis, advanced the knowledge on pathogens affecting domestic sheep in Japan. Considering the zoonotic potential of these pathogens, further studies are needed. Awareness of professionals in the appropriate fields and consumers should be enhanced to ensure a preventive approach in public health. Furthermore, according to the OIE, brucellosis, chlamydiosis, paratuberculosis and Q fever are included in the list of notifiable diseases of importance to international trade [28] .
